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Hearing gainAbstract Aims and objectives: To determine the results of various types of tympano-ossiculopla-
sties and the degree of functional restoration following surgery.
Materials and methods: This prospective study comprises 51 consecutive patients with chronic
suppurative otitis media (CSOM) – tubotympanic disease (TTD) and atticoantral disease (AAD),
who presented to the academic department of Otorhinolaryngology – Head & Neck Surgery, in
a tertiary care hospital in South India. All patients underwent a thorough examination and appro-
priate investigations. Eustachian tube function (ETF) was assessed preoperatively by methylene
blue dye test and saccharin test. The size of the mastoids was measured by using a graph paper,
on which the X-ray ﬁlm of the mastoid taken in the lateral oblique view (Law’s view) was superim-
posed. Patients with CSOM (TTD) with less than 3 months of dry ear and small size mastoids on X-
ray were subjected to cortical mastoidectomy and type I tympanoplasty; whereas patients with dry
ear more than 3 months underwent type I tympanoplasty alone. Type III tympanoplasty was car-
ried out in those with erosion of incus/malleus by placing temporalis fascia over the stapes super-
structure. Patients with AAD underwent modiﬁed radical mastoidectomy (MRM) and ossicular
reconstruction was carried out depending on the remnant of the ossicles. Partial Ossicular Replace-
ment Prosthesis (PORP) made of plastipore was used for Austin’s type b ossiculoplasty; while Plas-
tipore/Gold was used as Total Ossicular Replacement Prosthesis (TORP) in type d ossiculoplasty.
104 V. Prasad et al.Patients were reviewed after 15 days, 1 and 3 months post-operatively for a clinico-audiological
assessment of the operated ear to evaluate the graft status and hearing improvement. The
postoperative audiograms were recorded on the 2nd and 3rd visit.
Results and observations: Of the 51 patients with CSOM; 37 had TTD and 14 had AAD. Of the
37 patients with TTD, 35 patients had normal ETF and 2 of them had partial dysfunction. With
normal ETF, the graft uptake rate was 80% compared to partial ETF which had only 50%.
Patients with large and medium size mastoids had 89% of graft uptake. Patients with small and
medium size perforations had 100% graft uptake; whereas large and subtotal perforations had
75% and 71.43% respectively. A total number of 34 tympanoplasties and 17 ossiculoplasties were
done. Of these; 29 were type I and 5 were of type III. Out of 17 ossiculoplasties, 3 were type b and 14
cases were of type d. We used 7 Gold and 7 Plastipore TORP for the type d ossiculoplasty and
PORP in 3 of the cases. Using temporal fascia as graft material 34 patients underwent tympano-
plasty in whom the graft uptake was 79.41%, while 17 patients underwent ossiculoplasty using tem-
poralis fascia as graft, the graft uptake was 88.23%. Tympanoplasty done for small and medium
size perforations had 100% hearing improvement with A–B gap <20 dB but patients who had large
or subtotal perforations had 80% and 67% respectively. Hearing improvement to an A–B gap
<20 dB was noted in 91% and 60% following type I and type III tympanoplasty respectively.
Hearing improvement to an A–B gap <20 dB was noted in all the cases of type b ossiculoplasty
and with type d ossiculoplasty (42%).
Conclusion: Patients with normal Eustachian tube function, large and medium size mastoids,
small and medium size perforations of the tympanic membrane would have a good rate of graft
uptake with tympano-ossiculoplasties thereby returning to normal hearing postoperatively.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Ear, Nose, Throat and
Allied Sciences.1. Introduction
Chronic suppurative otitis media (CSOM) is an inﬂammation
of the mucoperiosteal lining of the middle ear cleft. Infection
of the middle ear has been a problem encountered in the
human race and is as old as humanity itself. Chronic middle
ear disease is a major problem in India especially in the rural
areas. It is estimated that 6% of Indian population suffers
from chronic ear disease.1 This is signiﬁcantly higher than
the incidence reported in Western countries which is about
1.8%.2 To complicate matters, in India, there is a general lack
of awareness of the disease per se and also regarding the
complications of the disease. We have seen that most of our
patients have neglected ear diseases that come to us at a very
advanced stage. Apart from this, people especially in rural
India are not aware of the functional beneﬁts of tympano-
plasty/ossiculoplasty and they generally are contended to live
with the discharge and residual hearing loss. It would be
possible to do primary reconstruction along with disease
clearance in primary sittings if the patients come to us before
the complications take over.
It is our endeavour to provide our patients with near nor-
mal level of hearing by middle ear reconstruction. This
reconstruction is done by tympanoplasty type I with/without
mastoid surgery, or type III with or without mastoid surgery
or primary/secondary ossiculoplasty using biomaterial pros-
thetic implants TORP/PORP (Total/Partial ossicular replace-
ment prosthesis) which are made up of Gold/Plastipore
along with temporalis fascia. Because of good technical skills
in tympano-ossiculoplasty, good graft materials, less intra-
operative and post-operative complications we can expect a
good functional restoration following surgery which will lead
to a good quality of life index.2. Aims and objectives
To determine the results of various types of tympanoplasties
and ossiculoplasties, the degree of functional restoration after
surgery, to study the post-operative graft uptake after different
types of tympanoplasties, to study the post-operative graft
uptake after different types of ossiculoplasties, to compare
the extent of hearing improvement following different modal-
ities of middle ear reconstruction, to know the causes of graft
failure in different modalities of treatment.
3. Materials and methods
This prospective study comprises of 51 consecutive patients
with CSOM – TTD (quiescent stage and inactive stage) and
AAD. All were informed about the procedure and they con-
sented to participate in the study. This study was approved
by the local ethical committee. All the cases were operated in
the department of Otorhinolaryngology – Head and Neck Sur-
gery, Kasturba Medical College, Mangalore and Government
District Hospital, Mangalore both are tertiary care hospitals
in the coastal area of South India. Inclusion criteria: all patients
with CSOM – TTD in quiescent/inactive stage, all patients with
CSOM – AAD, patients who had only conductive hearing loss.
Exclusion criteria: active discharge, patients with sensorineural
hearing loss, uncontrolled diabetes and immunocompromised
status, cleft palate and others, CSOM with complications. A
detailed proforma was ﬁlled for each patient with regard to his-
tory, complete general physical, systemic and ENT examina-
tion. In all the patients a routine blood examination, X-ray
mastoids, CT scan of temporal bone in case of AAD, examina-
tion under microscope and pure tone audiometry were done.
Eustachian tube function was assessed preoperatively by
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Functional outcomes of middle ear reconstruction 105methylene blue dye test and saccharin test.3 The size of the mas-
toids was roughly measured by using a graph paper, on which
the X-ray ﬁlm of the mastoid taken in the lateral oblique view
(Law’s view) was superimposed. Accordingly the mastoids were
classiﬁed as; Small mastoids =<5 cm2, Medium mas-
toids = 5–10 cm2, Large mastoids =>10 cm2. Those patients
with a predisposing focus of infection in the Nose and PNS
were subjected to septal correction and endoscopic sinus sur-
geries to eliminate the foci of infection and only then taken
up for tympanoplasty. Preoperatively all the patients who
had CSOM, TTD had a discharge free period of 4 weeks.
All the cases were operated by senior consultants. Patients
with CSOM, TTD with less than 3 months of dry ear and
small/medium size mastoids on X-ray were subjected for corti-
cal mastoidectomy with type I tympanoplasty; whereas
patients with dry ear more than 3 months underwent type I
tympanoplasty alone. Type III tympanoplasty was carried
out in those with erosion of incus/malleus by placing tempora-
lis fascia over the superstructure of stapes. Patients with atti-
coantral disease underwent modiﬁed radical mastoidectomy
and ossicular reconstruction was carried out depending on
the remnant of the ossicles. PORP made of plastipore was used
for type b ossiculoplasty and plastipore/gold TORP was used
for type d ossiculoplasty.
4. Results and observations
Fifty one consecutive patients (37 were TTD and 14 were
AAD) were included in the study after fulﬁlling the study cri-
teria. At the time of presentation, the maximum number of
patients were in the age group of 20 years and above (84%),
with a mean age of 31.84 years. The youngest patient was
8 years and oldest 63 years with a slight female preponderance
observed in the ratio of 1:1.42.
A total number of 34 tympanoplasties (29 were type I, 5
were type III) and 17 ossiculoplasties (3 were type b and 14
cases of type d) were done details of which are given in Table 1.
Tympanoplasty with 4 cases of large mastoid had 100%
graft uptake. Medium and small size mastoids had 87% and
42.85% respectively of graft uptake. Graft uptake rate in chil-
dren (<15 years), allergic rhinitis were <70%. Following
ossiculoplasty; with large and medium size mastoids had
100% graft uptake given in Table 2.Table 1 Shows the number of tympanoplasties and
ossiculoplasties.
Procedure No. of cases Total
Tympanoplasties Type I 29 34
Type II –
Type III 5
Type IV –
Type V –
Type VI –
Ossiculoplasties Type a – 17
Type b 3
Type c –
Type d 14
Of the 37 patients with CSOM, TTD; 35 patients had normal ETF
and 2 of them had partial dysfunction. With normal ETF, the graft
uptake rate was 80% compared to partial ETF which had only 50%. T
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Table 3 Shows the percentage of graft uptake in tympanoplasty and ossiculoplasty.
Procedure Type of fascia No. of cases Graft uptake %
Tympanoplasty Type I Temporalis fascia 29 22 76
Type III Temporalis fascia 5 5 100
Ossiculoplasty Type b Temporalis fascia 3 3 100
Type d Temporalis fascia 14 12 85.71
Type I tympanoplasty with small and medium size perforations had A–B gap closure of <20 dB in all the patients whereas large and subtotal
perforations had A–B gap closure of <20 dB in 90% and 75% of patients respectively. Following type III tympanoplasty; with medium size
perforation, hearing improvement to an A–B gap <20 dB was achieved in 100% of the cases and with large perforation it was only 50% given in
Table 4.
Table 4 Shows success rates of tympanoplasty.
Tympanoplasty Size of perforation No. of cases Graft uptake H I (A–B gap)
<20 dB >20 dB
Type I Small 2 2 2 (100%) –
Medium 7 7 7 (100%) –
Large 15 10 9 (90%) 1 (10%)
Subtotal 5 4 3 (75%) 1 (25%)
Type III Small – – –
Medium 1 1 1 (100%) –
Large 4 4 2 (50%) 2 (50%)
Subtotal – – –
Of the 17 ossiculoplasties; we had used 7 gold and 7 Plastipore TORP for the type d; whereas PORP in 3 of the type b ossiculoplasty. Grafts take
up rates were similar (85.71%) in type d ossiculoplasty using Plastipore or Gold TORP.
Table 5 Shows hearing improvement following tympano-
plasty and ossiculoplasty.
Procedure Hearing Improvement (A–B gap)
<20 dB >20 dB
Tympanoplasty Type I 20 (91%) 2 (9%)
Type III 3 (60%) 2 (40%)
Ossiculoplasty Type b 3 (100%) –
Type d 5 (42%) 7 (58%)
106 V. Prasad et al.Sixty percent of the patients underwent one or the other
associated surgeries prior to/along with tympanoplasty or
ossiculoplasty (14 patients with AAD underwent MRM and
primary ossiculoplasty, 13 patients with TTD underwent corti-
cal mastoidectomy with tympanoplasty, 2 of them septoplasty
and 1 septoplasty and tympanomastoidectomy). Graft uptake
was 100% in patients with less than 1 year of ear discharge.
The take up rate decreased as the duration of ear discharge
increased. Ear discharge >25 years had only 77% graft
uptake. Patients with TTD; with small and medium size perfo-
ration had 100% graft uptake whereas large and subtotal per-
foration had 75% and 71.43% respectively.
In type I tympanoplasty; using temporalis fascia, of the 29
patients, 22 (76%) had graft uptake and with type III tympa-
noplasty using temporalis fascia in 5 patients all of them had
graft uptake. In ossiculoplasty type b; using temporalis fascia,
all 3 patients had graft uptake. Whereas in type d ossiculoplas-
ty; using temporalis fascia, of the 14 patients, 12 (85.71%) had
graft uptake details of which are given below in Tables 3.
Hearing improvement to an A–B gap <20 dB was noted in
91% following type I tympanoplasty and with type III tympa-
noplasty; 60%. Hearing improvement to an A–B gap <20 dB
was noted in all the cases of type b ossiculoplasty and with
type d ossiculoplasty which was 42% is given in Table 5.
5. Discussion
Restoration of the sound conducting mechanism of the middle
ear can be accomplished surgically via a variety of biologic or
biocompatible materials. Although much has been written
about ossiculoplasty, relatively few articles have dealt withthe predictive value of various anatomic factors involved in
the ossicular repair. Successful tympanoplasty, according to
Sheehy,4 is dependent on the achievement of 3 goals: the erad-
ication of pathologic conditions, if present; an intact tympanic
membrane with an air-containing, mucous membrane lined
middle ear cleft; and secure connection between the mobile
drum and the inner ear. The critical factor, inﬂuencing the
quality of the outcome, remains by large and by far the path-
ologic condition. Bellucci’s classiﬁcation5 containing 4 prog-
nostic groups helps separate cases with a good prognosis
from those with a poor prognosis. In this respect, different
authors have highlighted time by time the role played by var-
ious pathologic and technical elements (size of the perforation,
erosion of the stapes arch, mastoidectomy). Generally speak-
ing, however, factors have been analysed separately, and each
study has concentrated only on one factor or aspect. In other
words, with one noteworthy exception, the Surgical, Pros-
thetic, Infection, Tissues and Eustachian tube (SPITE)
method, a hierarchy has not been established yet nor have
the correlations among the previously mentioned variables
been studied in detail.
Functional outcomes of middle ear reconstruction 107In our study, we analysed functional results in patients suf-
fering from CSOM with/out cholesteatoma who underwent
canal wall down/up tympanoplasty with ossiculoplasty and
we also discuss the incidence, age and sex distribution, predis-
posing factors and causes of graft failures of 51 patients who
presented to our institution.
The mean age in our series was 31.84 years which is very
closely compared with that of the other authors (McGrew
et al.6 – 29.9 years, Webb et al.7 – 33.2 years, Prasad et al.3 –
31.32 years). While otitis media is considered to be primarily
a disease of the childhood, the mean age of presentation is usu-
ally in early adulthood in most series. In the series by Khan
et al.8 of the 150 patients who presented with ear discharge,
64% were males and 36% females. Prasad et al.3 in their series
of 86 patients had 52% males and 48% females. Corso et al.9
in their series of 142 patients also had a male preponderance
(56% males and 44% females respectively). Our series showed
a female preponderance with 58.8% females and 41.2% males.
ETF tests were done only in patients who underwent tympano-
plasties. The results of our series are comparable with Prasad
et al.3 They conducted a study on 86 patients to evaluate the
mucociliary function of the Eustachian Tube (ET) by saccha-
rin and methylene blue dye test and compared the outcome
of surgery with normal and abnormal ET functions. They
found that the saccharin test and methylene blue dye test
had a good correlation in evaluating ETF. Type I tympano-
plasty was successful in 94% with normal ETF and in 68%
with partial dysfunction. Our study also had similar results
with graft uptake of 80% with normal ETF and 50% with par-
tial dysfunction of ETF. The saccharin test is a simple, cost-
effective, and valuable diagnostic tool to assess the mucociliary
function of the ET. The outcome of middle ear surgery would
be a success in normal ETF, whereas in partial dysfunction the
outcome need not necessarily be a failure.
The otology community is divided in its views on the size
and site of perforations and its effect on reconstruction. While
a few studies like Adkins10 strongly state that near total and
total perforations fared poorer than smaller ones, lately there
have quite a few studies like Wasson et al.11 contest this obser-
vation. Cellularity of the mastoid affected the outcome of sur-
gery. In patients with sclerotic mastoid graft rejection was
36%. But there was only 15% rejection in cellular mastoids.
Jackler et al.12 series also showed improvement in graft uptake
proportionate to the size of the mastoid. Although the human
middle ear proper gas volume is about 0.5 ml, the volume of
the entire middle ear cleft differs greatly among individuals
as it includes mastoid cavities of variable volume. The mastoid
pneumatic system varies from about 1 to 30 ml. therefore, a
given gas deﬁcit (or excess) will manifest itself differently in
well pneumatized and in poorly pneumatized mastoids. A
20 ll volume change will result in a 100 mmH2O pressure
change in a 2 ml middle ear cleft, but will exert only a
10 mmH2O pressure change in a 20 ml middle ear cleft. This
pressure difference may be pathological in the small volume
middle ear but non-signiﬁcant in the other. It is not surprising,
therefore, that most ears afﬂicted with the ‘chronic ear syn-
drome’ have a hypopneumatized, acellular or sclerotic mas-
toid. Ears with well pneumatized mastoids rarely exhibit any
of the ‘chronic otitis media’ conditions and probably rarely
develop a negative middle ear pressure. The explanation for
the protective effect of an adequately pneumatized mastoid is
quite simple: its volume serves as a pressure buffer.When we compare tympanoplasties and graft uptake, a
study by Khan et al.8 of the 82 patients who underwent tympa-
noplasty, 84% of the patients had graft uptake. Wang et al.13
did 48 tympanoplasties; in that 82% of the patients had graft
uptake. A similar study done by Collins et al.14 also showed
82% of graft uptake. Our series with 29 tympanoplasties
showed a 79.4% graft uptake rate which is similar to the other
series.
Post-operative hearing evaluation done in successfully
grafted TMs showed hearing improvement to an A–B gap
<20 dB in type I tympanoplasty which was noted to be
91%. A study done by Khan et al.8 noted A–B closure of
<20 dB in 81.7% of their patients. Whereas Wang et al.13
and Collins et al.14 reported 90% and 83% in their study.
Our study was comparable to the other authors with respect
to hearing improvement.
In a study by Bayazit et al.15 of the 58 patients who under-
went ossiculoplasty, 94% of the patients had graft uptake.
Similar study by Gjuric et al.16 had 12 ossiculoplasties; in that
91% of the patients had graft uptake. We conducted 17 ossicu-
loplasties; out of which 88% graft uptake rate was present.
In our study, hearing improvement to an A–B gap <20 dB
was seen in all the 3 patients who underwent ossiculoplasties
with PORP. Similar study done by the other authors; Bayazit
et al.,15 Slater et al.17 and Daniels et al.18 also had (82%, 81%
and 78% respectively) hearing improvement to an A–B gap
<20 dB.
In ossiculoplasties using TORP, Slater et al.17 reported
67% of his patients had hearing level of A–B gap within
20 dB; whereas Bayazit et al.15 and Gjuric et al.16 had 43.1%
and 42% respectively. In our series, we achieved A–B gap
within 20 dB in 42% of patients following TORP.
6. Conclusion
Anatomical and technical factors diversely affect the func-
tional outcome of tympano-ossiculoplasties. A better knowl-
edge of their predictive value will enable accurate,
preoperative, individual assessment when counselling patients
with regard to the success of any proposed intervention. The
use of these factors will also permit precise matching of future
series to allow accurate comparisons.
Patients with normal ETF, large and medium size mastoids,
small and medium size perforations of the tympanic membrane
will have a good rate of graft uptake and will beneﬁt by tym-
pano-ossiculoplasties. Most patients post operatively return to
near normal hearing.
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